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PHYSIOLOGICAL,  BIOCHEMICAL,  AND  MULTIPLE-TASK-PERFORMANCE 
RESPONSES  TO  DIFFERENT  ALTERATIONS  OF  THE  WAKE-SLEEP  CYCLE 


I.  Introduction. 

Because  rapid  air  transportation  across  time 
zones  often  necessitates  a change  in  the  traveler's 
wake-sleep  cycle  that  consequently  results  in  dis- 
ruption of  his  biological  rhythm  patterns,  and 
liecause.  rotating  shift  patterns  are  necessary  to 
maintain  24-h  service  in  many  areas,  the  FA  A 
has  continued  its  interest  in  biorhythms,  their 
changes  as  a result  of  altering  the  wake-sleep 
cycle,  and  their  relationships  with  performance. 

II.  Material  and  Methods. 

We  previously  conducted  a study  in  which  the 
wake-sleep  cycle  was  altered  by  12  h.6  This 
current  study  was  conducted  in  three  phases. 
Three  groups,  each  comprising  five  healthy,  male, 
paid  volunteers  (ages  21  to  30),  were  studied  in 
a laboratory  setting.  Because  results  of  the  12-h 
study  indicated  that  some  of  the  effects  seen  were 
due  to  the  long  period  of  confinement  in  the 
laboratory,  the  data  collection  periods  for  this 
study  were  shortened  to  the  minimum  number 
of  days  consistent  with  obtaining  the  desired 
results.  Each  group  first  spent  five  10-h  days 
training  on  a psychomotor  performance  test 
(Kugelmaschine)  and  the  CAMI  Multiple  Task 
Performance  Battery  (MTPB) ; a total  of  15  h 
of  training  was  given  on  the  MTPB.  This 
training  period,  which  also  provided  an  oppor- 
tunity for  subjects  to  become  familiar  with  the 
laboratory  setting  and  learn  the  experimental 
protocol,  was  followed  by  an  11-day  data  collec- 
tion period.  Baseline  data  were  collected  for  3 
days,  during  which  subjects  adhered  to  a day/ 
night  routine;  i.e.,  sleeping  from  2230  to  0000. 
On  the  fourth  day  each  group  took  a ‘'flight"  in 
the  (’AMI  altitude  chamber;  time,  spent  aboard 
was  equivalent  to  that  required  for  a flight  from 
Oklahoma  City  to  London  with  a change  of 
planes  at  Chicago’s  O’Hare  International  Air- 
port. Subjects  in  the  first  group  (Group  I) 
slept  from  only  0230  to  0600  on  the  fourth  night 


and  then  returned  to  their  former  day /night 
routine,  sleeping  from  2230  to  0000  for  the  re- 
maining 7 days.  The  next  group  of  subjects 
(Group  II)  had  their  day  extended  by  0 h and 
began  a new  routine  of  sleeping  from  0430  to 
1200;  they  followed  this- new  routine  for  7 days. 
This  is  the  timeframe  that  would  be  assumed 
after  an  east-to-west  flight  across  six  time  zones. 
On  the  fourth  day  subjects  in  the  last  group 
(Group  III)  slept  from  2030  to  2400  only  and 
the  following  7 days  slept  from  1630  to  2400; 
this  routine  compressed  their  day  and  established 
a new  wake-sleep  cycle  that  was  6 h earlier  than 
the  usual  cycle.  This  timeframe  corresponds  to 
the  timeframe  following  a west-to-east  flight 
across  six  time  zones. 

Measurement  of  heart  rate  (I IK)  and  internal 
body  temperature  (Tre)  were  made  hourly 
throughout  the  study.  Dry  silver  electrodes" 
attached  in  the  CM.,  position  were  connected  by 
wires  to  an  Avionics  Electrocardiocorder,  and 
HR  responses  were  recorded  on  electromagnetic 
tape.  Tape  and  batteries  were  replaced  each 
24  h.  Although  IIR  was  recorded  continuously, 
only  hourly  average  readings  were  statistically 
analyzed.  Internal  body  temperature  was  meas- 
ured with  a thermistor  probe  inserted  10  cm 
beyond  the  anal  sphincter.  Values  were  read  to 
the  nearest  0.1°C  with  a portable  bridge. 

Urine  was  collected  every  4 h throughout  the 
experimental  period.  The  volume  was  recorded; 
aliquots  were  taken,  preserved  with  1.2X  HC1, 
and  frozen  for  later  biochemical  analyses.  Uri- 
nary catecholamines4  and  17-ketogenic  steroids'4 
(17- KGS)  were  determined  by  using  Teclmicon 
Autoanalyzer  systems.  Sodium  (Xa*)  and  po- 
tassium (K*)  were  measured  with  an  atomic 
absorption-emission  spectrophotometer  (Instru- 
mentation Laboratory,  Inc.,  Model  353). 

Subjective  questionnaires  included  the  10-item 
Subjective  Fatigue  Checklist  developed  by  Pear- 
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son  ami  Byars10  and  a sleep  survey  developed  at 
the  I’SAF  School  of  Aerospace  Medicine  dial 
reflected  the  test  subjects’  judgment  of  both  the 
length  and  quality  of  sleep  the  previous  night. 

Subjects  were  tested  on  the  (’AMI  MTI’B  at 
4-h  intervals  in  2-h  sessions:  both  the  first  and 
second  h of  a session  involved  the  task  schedule 
shown  in  Table  1.  The  MTPIi  consists  of  five 

Tabi.k  1.— One-Hour  Task  Schedule  for  All 
Groups 

Time  in  Minutes 

0-1^  15  - 30  30  - 45  45-60 

Lights  Monitoring  X X X X 

Meter  Monitoring  X X X X 

Arithmetic  X X 

Pattern  Identification  X 

Problem  Solving  X X 

Tracking  X X 

subject  panels  and  the  associated  programing 
and  scoring  circuitry.  Each  panel  contains  the 
displays  and  response  devices  for  six  different 
tasks,  each  of  which  may  be  presented  in  isola- 
tion or  in  any  combination  of  tasks.  The  tasks 
are  described  in  more  detail  elsewhere;1  there- 
fore, only  a brief  description  of  each  will  be 
given  here. 

Warning  Light s.  The  warning  lights  task  in- 
volves monitoring  of  five  green  lights  and  five 
red  lights.  Under  each  light  is  a pushbutton 
switch.  The  green  lights  are  normally  on  and 
the  red  lights  are  normally  off;  the  subject  is 
instructed  to  push  the  button  under  the  light 
whenever  a light  changes  state.  Signals  were 
introduced  at  random  intervals  with  a mean 
intersignal  interval  of  30  s. 

Meter  Monitoring.  The  meter  monitoring 
task  involves  monitoring  of  four  meters  mounted 
across  the  top  of  the  subject  panel.  Normally, 
the  metei  pointers  are  moving  at  random  around 
a mean  vertical  position.  The  subject  responds 
to  a shift  in  the  mean  position  of  the  pointer  by 
throwing  the  associated  level  switch  in  the  di- 
rection of  the  deflection.  The  signals  are  intro- 
duced fin  randomly  selected  meters  at  randomly 
varying  intervals,  with  a mean  intersignal  in- 
terval of  1 min. 

Mental  Arithmetic.  In  the  mental  arithmetic 
task,  the  subject  is  required  to  add  two  numbers 


and  subtract  a third  number  from  the  sum  of 
the  first  two.  The  problem  elements  were  be- 
tween 10  and  00  and  were  selected  with  the 
restriction  that  neither  digit  of  the  third  number 
should  be  identical  to  the  corresponding  digit  of 
either  of  the  first  two  numbers.  The  arithmetic 
task  is  machine  paced:  a new  problem  is  pre- 
sented every  ’JO  s.  Both  response  time  and  ac- 
curacy are  measured  on  this  task.  Accuracy  is 
determined  as  a percentage  of  all  problems 
presented. 

Pattern  Identification.  The  display  for  the 
pattern  identification  task  is  a screen  on  the 
lower  left  of  the  subject’s  panel.  This  screen 
consists  of  a six-by-six  matrix  of  close-butted 
lights  covered  by  a translucent  panel.  A stand- 
ard pattern  and  two  comparison  patterns  are 
presented  to  the  subject  in  succession.  He  must 
then  decide  if  one.  neither,  or  both  of  the  com- 
parison patterns  are  the  same  as  the  standard 
(first)  pattern  and  indicate  his  answer  by  press- 
ing the  appropriate  response  button.  Pattern- 
identification  problems  are  presented  at  the  rate 
of  1 every  30  s.  Both  accuracy  and  response 
time  are  kept  on  this  task. 

Group  Problem  Sol  ring.  The  group  problem- 
solving task  involves  short-term  memory  and 
skill  at  following  a set  procedure.  Each  subject 
has  a single  pushbutton  switch  and  three  feed- 
back lights  mounted  in  the  center  of  his  panel. 
Tn  this  study,  the  five  subjects  in  each  group 
worked  together  to  discover  the  correct  sequence 
in  which  to  push  these  buttons.  Each  problem 
sequence  is  presented  twice  in  succession.  Tn  the 
first  presentation,  the  solution  phase,  the  subjects 
must  determine  the  solution  sequence  by  follow- 
ing a standard  trial-and-crror  search  sequence. 
In  the  second  presentation,  or  confirmation 
phase,  the  subjects  reenter  the  previous  solution 
from  memory.  Response  times  are  recorded 
separately  for  the  solution  and  confirmation 
phases.  Response  time  is  measured  from  the 
previous  problem-solving  event,  either  a problem 
introduction  or  a button  push.  In  addition,  ac- 
curacy in  the  confirmation  phase  is  recorded  ns 
the  proportion  of  correct  to  total  responses. 

Tv'o-Dimcnxional  Compensatory  Tracking.  The 
display  for  the  tracking  task  is  an  oscilloscope 
screen  situated  on  top  of  the  subject's  panel. 
The  target  on  the  screen  is  a dot  of  light  about 
1 mm  in  diameter.  A random  movement  is  im- 
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parted  to  the  target,  and  tin*  subject  attempts  to 
counteract  this  movement  by  using  his  control 
'■  irk  to  keep  the  dot  at  the  center  of  the  screen 
(as  defined  by  two  crosshairs  scribed  on  the  face 
of  the  screen).  The  tracking  tusk  is  scored  by 
analog  circuitry  that  accumulates  integrated 
absolute  error  and  integrated  error-squared 
measures  for  the  horizontal  and  vertical  dimen- 
sions. Hoot-mean-square  error  is  computed  from 
the  error-squared  measures,  and  a vector  sum 
measure  is  computed  by  taking  the  square  root 
of  the  sum  of  the  measures  of  horizontal  and 
vertical  error  squared.  The  rationale  for  using 
this  vector  sum  score  is  that  the  integrated  error 
measures  represent  average  horizontal  and  verti- 
cal distance  from  the  center  of  the  screen.  There- 
fore. the  vector  sum  of  these  distances  would 
represent  the  hypotenuse  of  the  triangle  defined 
by  these  horizontal  and  vertical  distances. 

In  the  analyses  performed  on  the  MTPB  data, 
the  measure  used  was  an  equal-variance  com- 
posite score  that  was  computed  as  follows:  For 
each  measure,  an  appropriate  equation  was  de- 
rived by  using  the  data  for  the  3 days  prior  to 
the  shift.  The  equation  was  developed  in  a 
manner  such  that  the  mean  score  for  each  sub- 
ject was  500  with  a standard  deviation  of  100 
for  those  3 days  combined  (time  scores  were 
"reflected"  so  that  a larger  score  meant  better 
performance).  The  raw  scores  for  a given 
measure  taken  during  the  postshift  phase  of  the 
experiment  were  entered  into  the  associated 
equation  to  get  a derived  measure,  and  the  de- 
rived measures  were  then  combined  across  tasks. 
1 he  resultant  composite  score  gave  equal  weight 
to  each  of  the  original  measures.  The  com- 
posites also  tended  to  equalize  the  three  groups 
as  regards  the  initial  values  of  the  scores.  Hence, 
the  interpretation  of  the  scores  is  properly  made 
in  relation  to  the  8 days  prior  to  the  shift. 

The  Kugel  test  estimated  psyehomotor  per- 
formance. The  "Kugelmasehine”  was  a hori- 
zontal rotating  cylinder  containing  a row  of  five 
holes  of  graded  sizes.  Three  sets  of  five  steel 
balls  corresponding  in  size  to  the  holes  in  the 
cylinder  were  placed  in  a tray  attached  to  the 
machine  near  the  base  of  the  cylinder.  The  test 
subject,  seated  in  front  of  the  tray,  was  instructed 
to  pick  up  and  insert  as  rapidly  as  possible  the 
correct  ball  into  a corresponding  row  of  station- 
ary holes  lined  up  with  those  of  the  rotating 
cylinder.  The  cylinder  rotated  at  80  holes  per 


min.  Each  test  session  was  10  min  in  duration 
for  a total  possible  score  of  800.  Each  correct 
selection  was  recorded  on  an  attached  counter. 

A schedule  of  events  showing  the  time  and 
frequency  of  occurrence  is  presented  in  Figure  1. 

SCHEDULE  OF  EVENTS 
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Fiovxe  1. — Schedule  of  events. 

All  groups  followed  the  schedule  shown  for 
Group  I during  the  first  3 days  of  the  experi- 
ment. Each  group  followed  the  schedule  as 
indicated  by  group  number  for  the  last  7 days 
of  data  collection. 


III.  Results. 

Subjective,  Forms.  Figure  2 presents  a bar 
graph  for  the  three  groups,  indicating  the  per- 
centage of  the  sleep  periods  they  were  asleep. 
Table  2 presents  the  sleep  data  as  if  pertains  to 
the  quality  of  sleep.  For  each  group  is  presented 
the  total  time  asleep  (percentage),  the  percent- 
age of  the  sleep  period  spent  in  moderate  or 
deep  sleep,  and  the  percentage  of  the  sleep  period 
spent  awake  or  in  light  sleep.  During  the  con- 
trol period  (night  sleep),  Group  I slept  81.3 
percent  of  the  time  available,  Group  II  slept 
85.6  percent  of  their  sleep  periods,  and  Group 
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Fint'RE  2.— Mean  scores  from  Sleep  Survey  for  Groups  I,  II,  and  III  (n  — 5 for  each  group). 


Ill  slept  0o.fi  percent  of  the  time  available  for 
sleep.  After  the  change  in  their  routine,  Group 
II  increased  their  percentage  of  sleep  signifi- 
cantly. averaging  1)4.2  percent  of  the  sleep  time 
the  first  3 days  after  the  change  and  04.1  percent 
for  the  last  3 days  of  the  experiment.  Group 
III.  which  reported  the  greatest  sleep  percent- 
age. demonstrated  little  change  in  their  time 
asleep,  sleeping  Ofi.O  percent  of  the  sleep  periods 
the  first  3 days  after  the  chanjre  and  Ofi.O  percent 
for  the  last  3 days  of  the  experiment.  Group  I 
demonstrated  no  chanjre  for  the  first  3 days  after 
the  "flight"  day  (81.3  percent)  and  a small  in- 
crease (85.3  percent)  for  the  final  3 days.  Groups 
I and  III  demonstrated  rather  low  percentajres 
of  sleep  (53.4  and  55.0  percent  respectively) 
durinjr  their  short  ( 3U>-h ) sleep  sejrments  on  the 
day  of  the  chanjre. 

A jrraph  of  results  of  the  Subjective  Fatijrue 
Indices  is  presented  in  Figure  3.  The  daily 


averages  for  each  group  a re  listed  in  Table  3. 
The  daily  averages  for  the  control  group  (Group 
I)  demonstrate  the  least  variability,  ranging 
from  8.fi  to  10.!)  (lower  scores  indicate  greater 
rated  fatigue).  Their  greatest  fatigue  was  indi- 
cated for  the  last  day  of  the  experiment.  Group 

II  indicated  their  greatest  feelings  of  fatigue 
during  the  middle  of  the  postshift  period.  Group 

III  indicated  their  greatest  fatigue  the  first  day 
after  the  change  in  the  wake-sleep  cycle. 

Physiological  and  Biochemical  Responses.  The 
physiological  and  biochemical  data  were  collected 
at  regular  time  intervals  throughout  the  experi- 
mental period.  This  schedule  allowed  treatment 
of  the  data  by  Fourier  analysis  and  determina- 
tion of  the  24-h  time  of  peak  response.  The 
24- h peak-response  data  were  subsequently  pre- 
pared in  summation-dial  format,5  which  is  a 
vectorial  representation  of  the  time  of  peak  re- 


l 

80.0 

69.6 

30.4 

80.0 

72.0 

28.0 

96.0 

61.4 

38.6 

2 

90.4 

62.6 

37.4 

87.8 

66.8 

33.2 

96.0 

72.0 

28.0 

3 

84.0 

69.2 

30.8 

89.4 

82.6 

17.4 

97.3 

70.7 

29.3 

4 

70.8 

58.0 

42.0 

85.4 

78.4 

21.6 

93.3 

77.3 

22.7 

* 

53.4 

48.0 

52.0 

- 

- 

- 

55.0 

27.5 

72.5 

5 

89.2 

78.6 

21.4 

94.6 

73.2 

26.8 

98.7 

81.3 

18.7 

6 

73.4 

60.0 

40.0 

96.0 

73.2 

26.8 

98.7 

89.3 

10.7 

7 

81.4 

68.0 

32.0 

92.0 

89.2 

10.8 

93.3 

77.3 

22.7 

8 

84.0 

74.6 

25.4 

97.2 

73.4 

26.6 

97.3 

72.0 

28.0 

9 

82.6 

72.0 

2d. 0 

97.2 

89.2 

10.8 

98.7 

86.7 

13.3 

10 

90.6 

80.0 

20.0 

91.8 

90.6 

9.4 

93.3 

78.7 

21.3 

11 

82.6 

74.4 

25.6 

93.2 

86.6 

13.4 

96.0 

78.7 

21.3 

★ 

Short  ( 3^-h) 

sleep  period 

for  Groups  1 

1 and  III. 

I 

I 

[l 


spouse  for  t lie  11  consecutive  days  of  the  experi- 
mental period. 

The  first  group,  which  experienced  a moderate 
sleep  loss  on  the  fourth  day  and  then  returned 
to  the  usual  day/night  routine,  served  as  a con- 
trol for  the  other  two  groups. 

Figure  I is  a representation  of  1 1 H data  fer- 
tile control  group.  All  subjects  hut  one  (Subject 
exhibited  slightly  later  peak-response  times 

SUBJECTIVE  FATIGUE  INDEX 


for  IIR — -on  the  day  of  the  sleep  loss  (Day  4), 
on  the  day  following  the  sleep  loss  (Day  5),  or 
on  both  days — than  the  peak  response  times 
demonstrated  for  tin-  first  3 days  or  the  last  (i 
days. 

The  ‘ i re  summation  dials  are  presented  in 
Figure  5 for  Group  I.  For  T,,.  there  were  no 
significant  changes  in  time  of  peak  response  for 
any  of  the  subjects  throughout  the  11  days,  not 
even  on  tire  fourth  day,  when  the  sleep  loss 
occurred. 
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Fkure  3. — Mean  response  of  Subjective  Fatigue  Check- 
list as  a function  of  time  of  (lay  for  Groups  I,  II,  and 
III  ( n=5  for  each  group ) . 


Table  3. — Daily  Mean  Score— Subjective 
Fatigue  Index 


Group  I 

Group  I I 

Group  I I 1 

Day  1 
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11. C 

Day  2 
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Day  3 
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.... 

.... 

.... 
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Day  10 
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Day  11 
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•v  Day  of  shift  in  wake-sleep  cycle,  fatigue  indices  not 
executed . 
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HEART  RATE  SUMMATION  DIALS 


0030 


Figure  4.— Heart  rate  summation  dials  for  Group  I. 


The  times  of  peak  response  for  IIR  and  Tr(. 
are  better  defined  than  those  for  the  urinary 
constituents,  as  the  frequency  of  measurement 
was  four  times  greater  for  these  two  parameters 
than  for  the  urine.  The  urinary  constituents  for 
(iroup  I.  however,  did  evidence  perturbations  in 
the  peak  response  pattern  at  Days  4 and  5.  The 
17-KGS,  shown  in  Figure  (>,  were  chosen  as 
representative  of  urinary  constituent  data  for 
(iroup  I. 

The  moderate  sleep  loss  at  Day  4 for  Group  T 
did  not  result  in  any  long-term  pattern  displace- 
ment for  time  of  peak  response  for  any  of  the 
variables  studied. 

Heart  rate  made  a very  rapid  adjustment  to 
new  wake-sleep  cycles  for  each  of  the  protocols 
studied  to  date.  In  the  previously  reported 
12-h-shift  study,  the  mean  rephasal  time  for  HR 


was  1.4  days.  For  Groups  II  and  III.  the  mean 
rephasal  time  was  also  1.4  days.  Heart  rate  is 
the  only  variable  for  which  the  rephasal  times 
were  the  same.  The  summation  dials  for  HR 
are  shown  in  Figure  7 for  Group  II  and  in 
Figure  8 for  Group  1 1 1. 

Rectal  temperature  rephasal  occurred  in  a 
mean  of  4.0  days  for  the  12-h  group  and  means 
of  2.4  and  2.0  days  respectively  for  Groups  II 
and  TII  of  this  study.  Figure  0 (fives  the  sum- 
mation dials  for  T,„  for  (iroup  II  and  Figure  10 
presents  the  T,„  summation  dials  for  Group  III. 
These  two  groups  demonstrate  very  similar  re- 
phasal patterns,  although  in  opposite  directions. 
Subject  .I  of  (iroup  II  (Figure  10)  suffered  from 
a severe  intestinal  upset  and  diarrhea  during  the 
study,  and  his  patterns  are  not  typical  of  the 
others  in  the  group. 
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RECTAL  TEMPERATURE  SUMMATION  DIALS 

0030 


i Indicates  end  of 
control  period. 


Figure  f>. — Iteetal  temperature  summation  dials  for  ( 1 roup  I. 


The  urinary  constituents  did  not  present  pic- 
tures for  the  summation  dials  as  clear-cut  as 
those  found  in  the  12-h  study.  This  difference 
could  he  due  to  the  sampling  frequency's  being 
reduced  to  once  each  4 li  (six  samples  per  day)  ; 
in  the  12-h  study  samples  were  collected  each 
4 h (eight  samples  per  day).  In  Group  II  Sub- 
ject o was  ill  for  part  of  the  data  collection 
period  and  gave  questionable  results  for  some  of 
the  parameters;  also,  in  Group  III.  Subject  4 
was  found  to  have  glucose  in  his  urine,  which 
interfered  with  some  of  the  biochemical  assays, 
particularly  the  1T-KGS  determinations. 

The  summation  dials  for  the  urinary  con- 
stituents are  found  in  the  following  figures:  For 
Group  II.  Figures  11.  12.  13,  14.  and  l.">  give  the 
summation  dials  for  epinephrine  ( E).  nnnrcpinc- 
phrine  (NH),  17-KGS.  Xa*.  anil  Iv  respectively; 


for  Group  III.  Figures  16.  17.  IS.  1!*.  and  20 
present  the  summation  dials  for  E.  XF.  17-KGS. 
Xa'.  and  K*  respectively. 

Pxxjchomotor  Performance.  Although  each  in- 
dividual was  given  60  trial  sessions  on  the  Kugel 
apparatus  during  the  training  period  that  pre- 
ceded the  experimental  phase  of  these  studies, 
the  learning  effect  was  still  apparent  to  the  end 
of  the  experiment.  Even  though  the  mean  daily 
scores  showed  little  or  no  improvement  from 
Day  7 to  !>  for  all  three  groups,  scores  again 
increased  on  Days  10  and  11.  The  results  of  the 
psychomotor  performance  task  are  presented  in 
Figure  21  and  Table  4.  Patterns  for  peak  per- 
formance at  a given  time  of  day  were  not  readily 
apparent.  However,  in  general,  the  first  per- 
formance of  the  day  was  the  poorest  for  all 
groups  on  the  firs*  3 days  when  the  subjects  were 
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17-  KETOGENIC  STEROIDS  SUMMATION  DIALS 

0030 


I Indicates  end  of 
control  period. 


GROUP  I 


Figure  6. — IT-ketoaenie  steroids  summation  dials  for  ttroup  I. 


all  sleeping  from  2230  to  0600  and  was  usually 
the  poorest  performance  score  for  Group  I 
through  the  remainder  of  the  experiment.  For 
Group  II.  the  poorest  performance  of  the  day 
was  also  the  first  performance,  although  after 
the  change  its  first  session  was  at  1300.  For 
Group  III  the  poorest  performance  after  the 
shift  was  either  the  third  or  fourth  session  of 
the  day.  which  occurred  at  0800  and  1300.  On 
the  last  2 days  of  the  experiment,  however.  Group 
III  had  its  poorest  performance  the  first  session 
of  the  dav.  which  was  at  0100. 


Multiple  Task  Performance  Pottery.  The 
composite  scores  for  multiple  task  performance 
were  broken  down  into  3-day  blocks  for  purposes 
of  analysis.  The  blocks  are  the  3 days  prior  to 
the  time  shift,  the  3 days  directly  following  the 
time  shift  (Days  5-7).  and  the  next  3 days 


(Days  8-10).  The  final  day  of  testing.  Day  11, 
was  dropped  from  the  analysis  because  of  the 
expected  "end  spurt"  effect  and  because  of  miss- 
ing data  for  some  groups.  The  data  for  these 
3-day  blocks  are  shown  graphically  in  Figure  22. 

Kadi  3-day  block  of  data  was  subjected  to  a 
Lindquist  Type  YI  analysis  of  variance.”  In 
these  analyses,  the  following  sources  of  variance 
were  identified:  (1)  subjects,  (2)  groups,  (3) 
between  subjects  within  groups.  (4)  within  sub- 
jects. (5)  sessions  (four  per  day),  (6)  periods 
(two  per  session).  (7)  sessions  x periods.  (8) 
sessions  x groups.  (!>)  periods  x groups,  (10) 
sessions  x periods  x groups,  and  (11)  appropriate 
error  terms  for  the  within-subjeet  effects.  The 
probability  values  for  each  of  the  main  and 
interaction  effects  for  each  analysis  are  sum- 
marized in  Table  5.  The  only  significant  dif- 
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Figure  7. — Heart  rate  summation  dials  for  Group  II. 
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Figt’RE  8. — Heart  rate  summation  dials  for  Group  III. 
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RECTAL  TEMPERATURE  SUMMATION  DIALS 
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Fionas  !>. — Kectal  temperature  summation  dials  for  Group  II. 
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Flump  10.— Itcctal  temperature  summation  dials  for  Group  III. 
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EPINEPHRINE  SUMMATION  DIALS 
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Figure  11.- — Kpinephrine  summation  dials  for  Group  II. 


NOREPINEPHRINE  SUMMATION  DIALS 


GROUP  n 

Figure  12. — Norepinephrine  summation  dials  for  Group  II. 


A Indicate^  end  of 
control  period. 
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17- KETOGENIC  STEROIDS  SUMMATION  DIALS 
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Figure  13. — 17-ketogenle  steroids  summation  dials  for  Group  II. 
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Figure  14. — Sodium  summation  dials  for  Group  II. 
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POTASSIUM  SUMMATION  DIALS 
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control  period. 


Figure  15. — Potassium  summation  dials  for  Croup  II. 

EPINEPHRINE  SUMMATION  DIALS 
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Figure  Id. — Kplnophrino  summation  dials  for  Croup  III. 
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Figi  re  17. — 'Norepinephrine  summation  dials  for  (Jroup  III. 
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Figi’re  18. — ITketoi'pnlc  steroids  sunmmtloii  dials  for  Group  HI. 
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Figi  rk  21. — Mean  I’sychomotor  Performance  scores  as  a 
function  of  time  of  (lay  for  Groups  I,  II,  and  III 
(n— 5 for  each  group). 


fcrenco  lietween  groups  was  in  the  preshift  data: 
this  result  is  clearly  an  artifact  of  the  reduction 
of  the  het ween-suhjects  variance  to  essentially 
zero  for  the  preshift  phase  caused  by  the  method 
of  computing  the  composite  scores.  For  all 
three  phases  of  the  experiment,  the  sessions  effect 
and  l he  interaction  of  sessions  and  groups  were 
significant  at  the  .111  level  of  confidence.  The 
sessions  x periods  and  the  sessions  x periods  x 
groups  interactions  were  significant  in  the  two 
postshift  S-day  blocks  ( /> < .0 1 ) . The  periods 
effect  was  significant  for  the  preshift  (/> <.01 ) 
and  the  Days  8 10  blocks  (/-><•  05),  and  the 
periods  x groups  interaction  was  significant  for 
the  first  postshift  block  (/><.01).  The  general 
picture  that  emerges  from  examination  of  the 
figures  is  that  on  the  average.  Group  II  (east- 
west)  was  least  affected  by  the  shift ; in  fact, 
throughout  the  study,  performance  was  arith- 
metically better  maintained  by  Group  11  than 
by  the  control  group.  Because  of  the  significant 
triple  interaction  for  both  the  postshift  blocks, 
interpretation  of  the  sessions  x groups  interac- 
tion is  difficult;  however,  the  daily  pattern  of 
changes  over  sessions  generally  was  different  for 
the  three  groups.  On  the  average,  the  perform- 
ance of  Groups  I and  III  declined  over  the 
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course  of  the  experiment  whereas,  with  the  ex- 
ception of  the  final  session  of  the  day.  the  per- 
formance of  Group  II  wtis  maintained  essentially 
at  the  preshift  levels  for  the  postshift  blocks  of 
the  study. 

IV.  Discussion. 

Subject! iv  Form .1.  The  results  of  the  sleep 
survey  seem  to  indicate  good  adjustment  on  the 
part  of  the  subjects  to  the  laboratory  setting. 
Group  I consistently  reported  a lower  percentage 
of  sleep  during  the  sleep  periods.  However,  the 
lower  mean  was  due  primarily  to  one  individual 
(Subject  2)  of  this  group.  lie  reported  sleeping 
only  about  Is  percent  of  the  sleep  periods  during 
the  control  days,  about  1.7  percent  during  the 
litst  I days  after  the  “flight"  day.  and  SO  per- 
cent during  each  of  the  last  :$  days  of  the  experi- 
ment. O11  the  other  hand,  he  did  not  report  any 
subjective  feeling  of  fatigue  greater  than  that  of 
any  other  member  of  the  group,  nor  were  any  of 
bis  physiological  or  biochemical  measurements 
out  of  line. 

Group  I subjects  demonstrated  the  least  im- 
pact on  their  daily  mean  score  of  the  Subjective 
Fatigue  Index  because  of  the  experimental  pro- 
tocol. Group  III  showed  the  greatest  fatigue  on 
Day  .->  immediately  after  the  change  in  their 
wake-sleep  cycle;  however,  these  subjects  ap- 
peared to  recuperate  ipiickly  and  return  to  con- 
trol levels.  Group  II  subjects,  on  the  other  hand, 
appeared  to  suffer  greater  fatigue  in  the  middle 
of  the  postshift  period.  The  psychomotor  per- 
formance scores  appear  to  verify  some  of  the 
fatigue  results:  i.e..  Group  1 1 *s  performance 

actually  improved  4.x  percent  from  Day  f?  to 
Day  while  Group  III  declined  in  performance 
1.7  percent  from  Day  '■'>  to  Day  5. 


Phyniot ogival  ami  Hiorhi  inlcul  Hi  x/ionxex. 
With  the  exception  of  IIK  data,  which  demon- 
si  fitted  rather  rapid  adjustments  for  till  groups, 
the  rcphasal  times  for  Groups  II  and  III  appear 
to  be  shorter  than  that  re<|uired  for  the  12-h-shift 
group.  Hectal  temperature  measurements  ap- 
peared to  demonstrate  it  rcphasal  time  only  one- 
half  as  long  for  the  two  6-h-shift  groups  its  for 
the  12-h-shift  group.  It  is  difficult  to  make 
determinations  for  the  urinary  constituents 
measured  because  of  the  fewer  samples  collected 
per  subject  and  the  small  number  of  subjects  in 
each  group.  However,  it  appears  evident  that 
the  17-KGS  again  required  the  longest  rcphasal 
time  of  those  parameters  measured. 

It  wits  anticipated  that  Group  III.  for  which 
the  day  was  compressed  bv  0 h.  would  require 
;in  adjustment  period  greater  than  that  of  Group 
II.  for  which  the  day  was  lengthened  by  (i  h. 
Hi  other  studies--7'”’12  involving  actual  time  zone 
displacements,  the  groups  traveling  from  west 
to  east  demonstrated  longer  adjustment  periods 
than  those  traveling  from  east  to  west.  This 
was  not  the  case  for  our  T,„  measurements,  nor 
was  it  discernible  from  the  other  physiological 
and  biochemical  measurements.  There  were  evi- 
dences of  this  reported  trend  in  the  fatigue 
indices,  the  psychomotor  performance  task,  and 
the  -MTl’Il  results.  Perhaps,  the  adjustment  of 
physiological  parameters  was  facilitated  by 
Group  Ill's  .'it/o-h  sleep  period  on  the  day  of  the 
shift  change.  This  permitted  a fi-h  shortening 
of  the  day  rather  than  an  lK-h  lengthening  of 
the  day  its  might  have  been  experienced  without 
the  sleep  period.  It  hits  been  suggested  that  the 
longer  rcphasal  times  required  for  west-to-east 
travel  could  well  be  ;t  function  of  the  scheduled 
flight  times.  Evening  flights  from  the  east  coast 
of  the  I’nited  States  arrive  in  Europe  in  the  late 
morning  hours  of  the  following  day.  If  one 
assumes  little  effective  sleep  aboard  these  flights, 
passengers  miss  one  entire  sleep  period.  This  is, 
of  course,  always  true  for  the  flight  crews.  One 
study2  suggests  that  for  humans,  lengthening  of 
the  day  is  it  more  normal  response  than  shorten- 
ing of  the  dity.  because  results  of  free-running 
experiments  (ones  in  which  all  time  cues  are  re- 
moved) show  more  individuals  tend  to  develop 
rhythms  greater  than  24  h.  The  same  study2 
also  suggests  (hit!  sleep  ol  : -lined  in  late  afternoon 
and  early  evening  hours,  when  activity  levels  are 
normally  at  their  highest,  is  less  effective  than 


sleep  obtained  in  early  morning  hours,  when 
activity  levels  are  normally  reduced. 

In  any  event,  tin*  results  of  tin*  physiological 
ainl  I * i < «■  1 u*  1 1 in- a I measurements  in  our  .-t  n«  l \ do 
not  correspond  to  those  of  time  /.out*  displace- 
ment studies:  1 1 ii* \ do  indicati*  that  | >i*rl ia | *-  tin* 
change  in  tin*  wake-sleep  cycle  <*\jii*rii*m-«*il  by  a 
shift  worki*r  does  not  have  tin*  same  i flfi  t on 
physiological  responses  as  tin*  change  experiem  cd 
l*>  a traveler  who  is  displaced  to  a new  time  'one. 

I‘*y<l<oinotor  /,i  i foi:iitmr(.  I'svchomnlor  pel 
fonnami*  yau*  a greater  indication  of  differences 
lictivwn  (Ifoujis  II  and  III  than  did  tin*  pliys 
io  logica  I and  biochemical  measurements.  Group 
I IV  performance  wa-  similar  to  that  of  tin*  con- 
trol group  (Group  I)  the  first  day  after  the 
change  in  the  wake-sleep  cycle  in  that  the  poor- 
est performance  of  the  day  was  the  first  test 
after  awakening  from  tin*  sleep  period.  It  was 
not  until  the  last  2 days  that  (iroup  III  showed 
its  poorest  performance  the  first  period  after 
awakening.  Although  the  sleep  surveys  yielded 
no  indication,  perhaps  the  <|iiality  of  sleep  ob- 
tained by  (iroup  III  was  not  equivalent  to  that 
of  (iroup  1 1. 

Multiple  Tu.sk  Performanre  Buttery.  The  in- 
terpretation of  the  infects  of  the  time  shift  on 
multiple  task  performance  must  la*  conditioned 
by  two  factors.  First,  the  subjects  in  (iroup  II 
were  permitted  a sleep  period  of  normal  dura- 
tion immediately  prior  to  the  postshift  phase  of 
the  study,  whereas  t lie  subjects  of  Groups  I and 
III  had  short  (3i,A-h ) sleep  periods  prior  to  the 
shift.  Second,  discussions  with  the  subjects 
st rongly  suggested  that  most  of  them  considered 
themselvi.,  to  be  “night  people":  thus,  a shift 
west  would  be  more  like  their  normal  schedule 
and  a shift  east  would  be  further  from  their 
normal  schedules  than  would  appear  simply  on 
the  basis  of  clock  time. 

The  preshift  performance  curves  are  about 
typical  of  what  would  be  expected,  although  the 
magnitude  of  the  fluctuations  was  creator  for 
(i roups  II  and  III  than  for  (iroup  I.  Generally, 
the  subjects  showed  declinin':  performance  dur- 
ing the  morning  hours,  reached  a low  point  after 
the  lunch  break,  and  showed  relatively  high 
levels  of  performance  during  the  late  afternoon 
and  early  evening  performance  sessions. 

During  the  3-day  block  immediately  following 
the  shift.  Groups  I and  III  showed  similar  per- 


formance curves  that  could  be  described  in  pari 
as  exaggerations  of  their  preshift  performance. 
The  main  difference  is  seen  in  the  pronounced 
drop  in  performance  during  the  final  2 hours  of 
the  day.  The  results  for  these  two  groups  are 
probablv  most  parsimoniously  < xplaincd  as  re- 
tire! ing  a residual  elicit  of  the  loss  of  sleep  ex- 
perienced prior  to  tin*  shift.  During  this  same 
period,  the  performance  of  Group  II  could  be 
descrilied  as  reflecting  directly  the  (i-h  shift  in 
the  dav.  The  performance  of  these  subjects  ap- 
pears to  start  the  day  at  about  the  level  main- 
tained during  the  postlunch  session  of  the 
preshift  block.  Their  performance  improved 
somewhat  through  the  day.  but  they  showed  a 
marked  drop  in  performance  at  the  end  of  the 
day.  In  this  respect,  all  three  groups  performed 
as  though  the  total  period  of  wakefulness  had 
been  lengthened,  with  a resultant  increase  in  the 
buildup  of  fatigue. 

During  the  final  3-day  block,  the  performance* 
of  the  subjects  in  the  control  group  returned  to 
approximately  the  levels  maintained  prior  to  the 
shift  phase  of  the  experiment.  However,  there 
was  an  increase  in  the  magnitude  of  the  session- 
to-session  fluctuations.  Group  III,  the  “east- 
bound"  group,  showed  the  poorest  performance 
during  the  1-h  period  that  began  3 li  later  (local 
time)  than  the  period  of  lowest  performance 
during  the  preshift  phase  of  the  experiment,  but 
the  end-of-day  depression  of  performance  found 
during  the  first  3 days  postshift  was  not  present; 
instead,  the  group's  performance  improved  rela- 
tive to  the  low  point  of  the  curve.  Overall,  the 
performance  of  this  group  was  the  poorest  of 
the  three.  The  “westbound"  group,  Group  II. 
maintained  a fairly  stable  level  of  performance 
during  the  first  three  sessions  of  the  day  during 
this  phase  but  still  exhibited  the  substantial  end- 
of-day  performance  deficit. 

The  time  base  for  Figure  *23  is  such  that,  if 
complete  adaptation  had  taken  place,  the  curves 
for  Groups  II  and  III  should  have  lieen  “identi- 
cal" to  the  curve  for  Group  I.  (dearly  they  are 
not,  as  evidenced  by  both  the  curves  and  by  the 
signincant  sessions  x groups  interaction.  Since 
the  curve  for  Group  I was  approximately  of  the 
same  form  during  the  final  3 days  that  it  was 
during  the  preshift  phase,  it  appears  that  the 
effects  of  the  sleep  loss  on  the  shift  day  had  been 
dissipated.  Unfortunately,  the  possibility  that 
the  same  was  not  true  for  Group  III  precludes 
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<>ur  ilrawing  inic<|iiiv<M-sil  conclusions  about  the 
|ierfornmnce  effects  of  the  experimental  manipu- 
lation of  the  time  variable.  However,  it  does 
seem  clear  that  the  performance  of  the  ‘‘west- 
bound" group  did  not  reflect  adaptation  to  the 
new  time  schedule,  and.  although  it  is  much  less 
clear,  it  also  seems  likely  that  the  “eastbound” 
Stroup  did  not  adapt  in  the  course  of  the  study. 

Overall,  the  multiple-task-performance  data 
on  the  one  hand  and  the  physiological  and  bio- 
chemical data  on  the  other  lead  to  different 
conclusions  about  the  adaptation  of  the  subjects 
to  the  two  different  time  shifts.  We  can  offer 
no  explanation  for  this  discrepancy:  apparently, 
different  processes  are  involved  as  higher  order 
determinants  in  the  two  spheres  of  measurements. 

V.  Conclusions. 

Because  of  the  small  sample  number  and  the 
wide  individual  variability  in  this  study,  it  is 
difficult  to  draw  definitive  conclusions. 


According  to  the  physiological  and  biochemi- 
cal measurements  there  i-  little*  difference  be- 
tween the  two  (Mi -change  "roups,  both  of  which 
required  longer  rephasal  times  than  did  the 
"roup  with  sleep  loss  but  no  time  change. 

The  psychomotor  performance  test  indicates 
the  greatest  change  in  the  group  with  the  day 
shortened  by  0 h. 

The  complex  performance  task  (MTI’B)  indi- 
cates the  greatest  deficit  in  performance  for  the 
group  with  the  day  shortened  (west  to  east)  bv 
(i  h and  the  best  postshift  performance  by  the 
group  whose  day  was  lengthened  (east  to  west) 
by  <i  It,  Therefore,  if  performance  of  the  type 
represented  by  the  MTI’B  is  the  most  important 
consideration,  then  travel  from  west  to  east  (or 
“quick  turnarounds”  for  shift  workers)  appears 
to  be  more  deleterious  than  the  opposite  occur- 
rences. However,  this  cannot  lie  predicted  on 
the  basis  of  the  physiological  and  biochemical 
determinat ions  made  in  this  study. 
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